Adjustment of seeding schemes is one of the crop management techniques that most influences grain yield. A field study was undertaken to evaluate the effects of densities on optimum wheat grain yield, biological yield and harvest index by using of reciprocal model. The treatments comprised nine wheat cultivars and five densities (200, 250, 300, 350 and 400 plants m -2 ). Evaluation analysis showed that the performance of the model was reasonable as indicated by close correspondence of simulated biomass accumulation, grain yield and harvest index with measured data. Optimum wheat density based on maximum grain yield was almost 400 plant m -2 for 'Rasad', 'Azar2', 'Homa', 'Saji', 'Koohdasht', 'Gohar' and 'Ohadi'; however, the optimum density was of 370 and 500 plant m -2 for 'Nicknejad' and 'Zagros' respectively. As an average, the highest of grain yield belonged to 'Azar2' by 414 g/m -2 . Biological and grain yields were dependent on the plant density, and increased when wheat density enhanced from 200 to 400 plants/m -2 .
Introduction
Crop productivity in semiarid regions is mainly limited by water availability (Edhaie et al., 2011) . Water deficit is a major abiotic stress for crop production worldwide, limiting the productivity of crop species, especially in dry land agricultural areas (Chaves and Oliveira, 2004; Passioura, 2007) . According to the prediction of current climate change models, the frequency and severity of drought will increase in several regions around the world (Shen et al., 2010) . Many researchers believe that amount of crop water use determine plant growth and development. Meanwhile plants may injure under non optimal access of water at any stage (Daneshian and Jonobi, 2001; Daneshian and Zare, 2005) . The response of plants to water stress depends on several factors such as developmental stage, severity, duration of stress, and planting densities.
Wheat (Triticum aestivum L.) is considered as one of the strategic crops and among the most important cereals on which the food security of countries is dependent. It grows under a broad range of latitudes and altitudes. Worldwide, wheat provides nearly 55% of the carbohydrates and 20% of the food calories consumed globally (Sing et al., 2007) . Today, it is grown all over the world, with different varieties sown according to the various climates.
Seeding density is important for the wheat crop, because it directly affects the number of ears per unit area and as a consequence, other yield components such as the number of grains per ear and individual grain weight (Lioveras et al., 2004; Ozturk et al., 2006) . Currently, the seeding density used for the wheat ranges from 250 to 400 viable seeds per square meter. It is, therefore, necessary to determine the optimum density of plant population per unit area for obtaining maximum yields. Plant density selection to allow for expression of maximum grain yield is a management practice that would make wheat production more economical. Stand density affects plant architecture, alters growth and developmental patterns and influences carbohydrate production. The results of previous studies showed that plant density and planting pattern differently affected biological yield and grain yield (Ferreira and Abreu, 2001) . Zeidan et al. (2006) reported that grain yield and many characteristics of maize were affected by plant density.
Simulation models have been used for decades to analyze crop responses to different conditions and to test alternate management practices (Boote et al., 1996) . The use of equations in density trials for determining optimal density is more efficient than analysis of variance procedures alone (Ellis et al., 1999) . This is because establishing the quantitative relationships between two or more variables using mathematical equations helps to reduce the need for multi-location density trials and it is possible to extrapolate beyond actual data (Connolly, 1987) . Relationship between describes a parabolic response. Biological meaning is ascribed to the parameters: 1/a is the plant yield at low density representing genetic potential and 1/b is the area yield at high density representing environmental potential. Several statistics methods were used to compare the simulated and observed results. In this paper evaluated model performance using the root mean square error normalized (RMSEn) (Rinaldy et al., 2003) :
Where Pi is the simulated value, Oi is the measured value and n is the number of measurements. RMSE was stated as percentage of simulated amounts than observed amounts. So according to above descriptions, RMSE<10% is excellent, 10%<RMSE<20% is well, 20%<RMSE<30% is moderate, RMSE>30% is weak (Rinaldy et al., 2003) .
Results and Discussion
The mean reciprocal data for biological and grain yields Martin and Field (1987) indicated that yield density relationships for grain may sometimes be better described by asymptotic models. In the all wheat cultivars, higher plant population gave much lower weights of individual plant. In other words, biological and grain yields of one plant declined with increasing seeding density ( Figs. 1 and 2 ). These findings confirm the report of Thom (1977) . The highest of regression coefficient (0.93) between plant density with biological and grain yields belonged to Zagros and Gohar; however, the lowest was recorded in Nicknejad.
The highest plant biomass, grain yield and harvest index at different densities were produced by 'Homa' (914 g m ) and 'Ohadi' (50.8%), respectively (Table  2) . Varga et al. (2001) indicated that there was significant correlation between grain yields of different wheat genotypes. According to Table 2 , the model can successfully predict biological and grain yields changes of wheat at different plant densities. plant density and grain yield of wheat cultivars was well described by the equations 1/w = a + bp and Y = p/(a + bp), where w is grain yield per plant, p is plant density and Y is grain yield m -2 . Thus, the hereby research was carried out to estimate optimum economic density for maximum grain yield of nine wheat cultivars in dryland farming by using reciprocal model.
Materials and Methods
Field experiments were conducted in two years (2014 and 2015) at the farm of Agricultural Research Center of East Azerbaijan, Iran (latitude 38°45 N, longitude 45°63 E, altitude 1360 m above sea level). Some soil physical and chemical information is given in Table 1 . The average yearly precipitation (over a 30-year period), which occurs mostly during the autumn and winter months, is 318 mm for the site. The annual mean temperature is 11 °C. The average temperature in 2014 was similar to the long-term meteorological data trend, while in 2015 the average temperature (10 °C) was lower. The plots were arranged in a randomized complete block design (RCB) with three replications of cultivars and density. These experiments were similar; the same treatments and cultivars were sown in mid-March. According to the recommended macro nutrient requirements and soil N, P and K content for wheat, 130 kg ha −1 urea, 80 kg ha −1 P2O5 (Triple Super Phosphate) and 100 kg ha −1 K2O was supplied before seed sowing. Seeds of wheat cultivars ('Rasad', 'Azar2', 'Homa', 'Zagros', 'Saji', 'Koohdasht', 'Gohar', 'Ohadi' and 'Nicknejad') were treated with 2 g kg -1 Benomyl and then were sown in 3 cm depth of soil. Plant population was adjusted to 200, 250, 300, 350 and 400 plants m -2 . Each plot consisted of 6 planting line with 4 m length, spaced 25 cm apart. Weeds were effectively controlled using herbicides, and no pests or disease infestations were observed during the plant growing seasons. The harvesting of experiments was accomplished manually 10 days after physiological maturity and above-ground dry biomass and grain yield were measured. The dry weights of all plant samples were determined after oven drying at 80 °C for 48 h. Subsequently, biological yield and grain yield per unit area were recorded.
The most common model that relate individual plant yield to population density is a reciprocal equation proposed by Holliday (1960) :
1/w = a + bp (Equation 1), where 'w' is individual plant weight or yield, 'p' is plant density, and 'a' and 'b' are constants. This linear form of the equation describes an asymptotic response of area yield to plant density, whereas expansion to a quadratic equation 540 Dry matter accumulation and grain yield influenced strongly wheat densities. As shown in Fig. 3 , biological yield of all wheat cultivars rapidly increased with increasing plant population density up to 400 plants m -2 and thereafter slowed down. Similar trend was shown for grain yield per unit area up to 400 plants m -2 (Fig. 4) . Regression coefficient had high and positive correlation (R 2 >0.95) between biological and grain yields with plant density (Figs. 3 and 4) .
Optimum economic density of grain yield was estimated almost 400 plants m -2 for 'Rasad', 'Azar2', 'Homa', 'Saji', 'Koohdasht', 'Gohar' and 'Ohadi'; however, were 370 and 500 plant m -2 for 'Nicknejad' and 'Zagros', respectively ( Table 2 ). The original objective of agricultural producers to maximize yield has been changed to protect environmental quality. Farmers must consider environmental issues; therefore, they have more constraints on their management decisions. Crop simulation models have become a useful tool to characterize and quantify yield under different conditions, such as plant density, sowing date and environmental stress. The reciprocal model was evaluated for simulations of biomass, and grain yield of wheat cultivars. There was a close match between simulated and measured.
Plant density is one of the main factors determining the ability of the crop to capture resources; it is of particular importance because it is under fairly close control by farmer in most wheat producing systems. It may be strongly difficult to disentangle the effects of crop density from those of other factors, under extensive grain production (Snaydon, 1984) . However, there has been interest in defining the relationships between density and crop yield quantitatively in order to establish optimum populations and maximum attainable yields under various situations. As a result, the effect of density on wheat plant size and crop productivity has received attention (Harper, 1977) . The management of crop competition through density selection may allow maximum yields per unit area to be achieved. In general, planting densities chosen for field wheat crops are aimed to produce a crop able to use all above and belowground resources, allowing the crop to maximize growth rates during growth.
The target plant density is essentially that value of plant population density at which the grower believes economic returns will be maximized. Yield density relations can be parabolic (i.e. yield increase up to a certain density but further increase in density reduces yield), or asymptotic (i.e. yield increases towards a plateau value) (Holliday, 1960) . Relations between yield and plant population in the temperature cereals and in oilseed rape are asymptotic (Ellis et al., 1999) . If asymptotic yield density relations are quantified in this way, then it is possible to determine optimum plant population densities for different scenarios. Simplistically, the economic optimum is that point on the asymptotic relation where the increase in the value of the crop equals the cost of extra seed. Wheat plants have the ability to compensate for low plant populations by producing more tillers. The total shoot weight of wheat per unit area of land usually increases asymptotically as density increases (Holliday 1960 ).
Conclusions
The research was carried out for simulating wheat dry matter and grain yield by using reciprocal model in dryland farming. Results showed that the applied model can simulate grain and biomass yields of wheat. The seeding density for wheat should take into account cultivar tillering potential and location. Cultivars with low tillering potential express higher effect on grain yield, as a function of an increase in seeding density. Optimum density for maximum grain yield in majority of wheat cultivars was almost 400 plant m -2 .
